Background. The European procedural guidelines for cardiac gated SPECT imaging demonstrate considerable variability in recommended administered radiopharmaceutical activity and imaging protocols. This study compared stress-only and stress-rest protocols to evaluate the safety of stress-only imaging, and to identify characteristics of patients who need full stress-rest imaging. Methods. Patients referred for a chest pain were scheduled for stress-rest gated SPECT imaging. If the stress images were interpreted as normal according to the perfusion and left ventricular function, the examination of patients was finished and patients did not undergo the rest imaging. A total number of 1063 patients was included (mean age 61 ± 11 years). These patients have been followed for hard cardiac events, i.e. cardiac deaths or nonfatal myocardial infarction. Results. During a follow-up of 3.2 ± 2.5 years, hard events occurred in 12 patients with normal SPECT and 59 with abnormal SPECT had hard events (0.7 vs. 3.6% /year, P < 0.001). Among the 536 patients with normal study, there was no significantly lower incidence of hard events in the subgroup of patients with stress-only imaging (0.6 vs. 0.8% /year, P = 0.641). Diabetes mellitus was an independent predictor of hard events in patients with normal SPECT (1.3 vs. 0.5%/ year, P < 0.001). We found a higher incidence of hard events in diabetic patients with normal study with the necessity of full stress-rest imaging in comparison with those with stress-only imaging (1.7 vs. 0.7% /year, P < 0.001). Conclusions. Our results support the good prognosis of normal stress-only study. Diabetes mellitus was an independent predictor of hard events in patients with normal SPECT. Diabetic patients with normal results who required additional rest imaging had significant adverse outcome.
INTRODUCTION
Gated single-photon emission tomography (SPECT) is a well-established method for myocardial perfusion, function, and viability imaging in patients with suspected or known coronary artery disease (CAD) (ref. [1] [2] [3] ). 15-20 million cardiac SPECT imaging are performed annually worldwide. The EANM/ESC procedural guidelines for cardiac gated SPECT imaging demonstrate considerable variability in recommended administered radiopharmaceutical activity and imaging protocols 3 . In a majority of European countries, all patients still receive both stress and rest tracer activity using a dual day stress-rest imaging 4, 5 . However, there is an opportunity to perform stressonly imaging in those patients with normal stress pattern. This approach leads to significantly reduced radiation burden, time, and cost from myocardial perfusion imaging. In our laboratory, about one half of the population referred for chest pain undergoes stress-only imaging because of normal stress perfusion and left ventricular gated SPECT pattern.
However, there is a well known limitation of SPECT: the evaluation of relative perfusion only. The defect visualized after a stress test is related to the most severe coronary artery stenosis but may not fully reflect the extent of CAD. Moreover, in a few patients with balanced multivessel CAD, perfusion defects may be not evident. The use of other indirect hemodynamic indices of extensive CAD, such as worsening of the left ventricular ejection fraction (EF) or wall motion, increased tracer lung uptake or transient ischemic dilatation (TID) of the left ventricle, have been validated in order to improve the assessment of prognosis [6] [7] [8] [9] [10] . Some patients with an absence of perfusion abnormality can have benefit from a complete examination to compare stress and rest left ventricular function. However, it is not easy to identify those patients.
The purpose of this study was to compare stress-only and stress-rest protocols to evaluate the safety of stress-only imaging, and to identify the characteristics of patients who need full stress-rest imaging.
PATIENTS AND METHODS

Study population and follow-up
Patients referred for cardiac gated SPECT imaging were followed (mean 3.2 ± 2.5 years) for the occurrence of hard events: cardiac death or nonfatal myocardial infarction (MI). Telephone interviews of patient's physicians and hospital charts review were performed. Follow-up was obtained in 1063 (99%) patients: 680 males and 383 females, mean age 61 ± 11 years, 166 patients after previous MI, 222 after coronary revascularization, 328 with diabetes mellitus (DM).
Stress testing
Patients either underwent an exercise test or received intravenous dipyridamole if unable to exercise. The exercise test was performed upright on a bicycle ergometer. Each patient exercised up to 85% of the age-predicted maximal heart rate or until the onset of angina pectoris, dyspnea or fatigue, dizziness, frequent (> 10 per min) multifocal or paired ventricular extrasystoles, ST segment depression (> 0.2 mV), or a decrease in blood pressure of 10 mm Hg below the peak value of the previous stage. Dipyridamole was administered intravenously at a standard dose of 0.56 mg per kg of body weight during a 4-min period in the combination with low level of exercise in patients who could not achieve maximal predicted heart rate. Dipyridamole stress only was used for patients with left bundle branch block.
Gated cardiac SPECT
Stress was done first with Tc-99m compounds (sestamibi or tetrofosmin). If the stress images were interpreted as completely normal according to the perfusion and left ventricular function, the patients were finished and underwent no rest imaging. The patients with abnormal or inconclusive stress images underwent rest study (some had a final normal result according to the perfusion and an attenuation artefact or mild abnormality of the left ventricular function were common findings in these patients).
The first dose of tracer was 300 MBq and the second dose was 750 MBq (one-day protocol) or 300 MBq (two-day protocol).
SPECT was performed using a Siemens e.cam camera equipped with a 90° angled dual head, low-energy highresolution collimators. Images were gated at 8 frames per cardiac cycle. No attenuation correction was applied. We used additional prone position imaging in the case of inferior wall defect (probably caused by attenuation artefact). The summed stress and difference score (SSS, SDS) of myocardial perfusion, the left ventricular EF and end-diastolic/end-systolic volumes (EDV/ESV) were calculated automatically using the 4D-MSPECT (The University of Michigan, Ann Arbor, MI, USA) software.
Statistical Analysis
All continuous data are expressed as means (SD, standard deviation) and noncontinuous variables are expressed as percentages. Continuous variables were compared using nonparametric Mann-Whitney test because the normality of data was violated. Differences between proportions were compared using the χ 2 test. Probability values < 0.05 were considered significant.
RESULTS
There was a significantly lower incidence of hard events in patients with normal study (no cardiac death and 12 nonfatal MI) in comparison with those with abnormal SPECT (17 cardiac deaths and 42 nonfatal MI, P < 0.001). Further analysis was performed in the subgroup of 536 patients with normal study. There was no significantly lower incidence of hard events in 259 patients with stress-only imaging in comparison with those 277 patients who underwent full stress-rest imaging (P = 0.641, Fig. 1 ). Significant differences (P < 0.001) are present between patients with normal and abnormal study. Patients with normal study are at low risk of cardiac death or nonfatal MI. Not significantly lower incidence of hard events was observed in the subgroup of patients with stress-only imaging (P = 0.641).
Fig. 2.
Hard events per year (%) in patients with normal study.
Significant higher incidence of hard events was observed in patients with DM (P < 0.001).
Fig. 3.
Hard events per year (%) in diabetic patients (DM) with normal study.
Significant higher incidence of hard events was observed in patients who underwent full stress-rest imaging (P < 0.001).
Baseline clinical characteristics of patients with normal SPECT according to imaging protocol are summarized in Table 1 . Male gender, higher left ventricular volumes and lower EF, DM, left bundle branch block (LBBB), dilated cardiomyopathy, end stage renal failure, and previous revascularization were associated with the implementation of full stress-rest imaging. Diabetes was an independent predictor of hard events in patients with normal SPECT (P < 0.001, Fig. 2) . Among the diabetic patients with normal study, we observed significantly higher incidence of hard events in those individuals who underwent full stress-rest imaging (P < 0.001, Fig. 3 ).
DISCUSSION
Performing stress imaging first should obviate the need for rest imaging in patients with normal left ventricular perfusion and function on stress. A significant reduction in radiation exposure can be achieved with such an approach. Chang et al. 11 reported stress-only protocol in 8,034 of 16,854 consecutive patients (48%). In our laboratory, we performed stress-only imaging in 52% of patients with low to medium probability for CAD in the last five years (31% of all tested patients including those with known CAD).
A good prognostic value of normal stress-only imaging has been documented by several studies [11] [12] [13] . During a mean follow-up of 22.3 ± 6.4 months, Gibson et al. 12 observed a low overall cardiac event rate at 0.6% in 652 patients with low to medium probability for CAD. In our study, we observed lower annual cardiac hard event rates in patients who underwent stress-only imaging in comparison with those who required additional rest imaging but the results were not significant (0.6% vs. 0.8%, P = 0.641). The same result were reported by Shaw LJ et al. (0.67% vs. 0.93%, P = 0.29) (ref. 13 ). This phenomenon is interesting since the stress-only imaging can potentially underestimate balanced multivessel CAD because of the lack of data on rest perfusion and function (TID ratio, worsening of left ventricular EF, etc.).
Therefore, we analyzed patients with and without the necessity for full stress-rest protocol. We found no influence of age between both protocols. In contrast, there was an influence of sex. Men were more likely to need stress-rest imaging due to inferior wall defects caused by high diaphragms. As we expected, LBBB, dilated cardiomyopathy, and end stage renal failure were associated with the necessity for full stress-rest imaging. Stress only imaging was undergone by those with fully normal stress perfusion and left ventricular function. Only 19 out of 85 patients with previous revascularization were completed just after the stress SPECT.
It is well known that DM is associated with accelerated atherothrombosis. An adverse outcome of diabetic patients with normal gated SPECT has been described 14 . In our study, DM was an independent predictor of hard events in patients with normal SPECT (1.3 vs. 0.5% per year, P < 0.001). The presence of DM was associated with higher frequency of full stress-rest imaging, probably due to inconclusive stress perfusion images or higher left ventricular volumes (P = 0.011). Among diabetic patients with normal study, we observed significantly higher incidence of hard events in those individuals who underwent full stress-rest imaging (P < 0.001).
Further risk stratification in diabetic patients is enabled by the combined use of cardiac gated SPECT and coronary artery calcium (CAC) scoring [15] [16] . The findings of highly elevated CAC score as well as the post-stress left ventricular stunning allow further risk stratification in patients with or without reversible perfusion abnormalities. In some patients with fully normal SPECT imaging, only an extensive calcium score over 1,000 can predict severe CAD (ref. 18 ). In diabetic patients, therefore, we recommend the use of a combination of gated SPECT imaging and CAC scoring first, and to continue with rest imaging in all patients with abnormal or inconclusive post-stress gated SPECT findings.
CONCLUSIONS
Our results support a good prognosis for patients with a normal stress-only study. Diabetes mellitus was an independent predictor of hard events in patients with normal SPECT. In the general population with a normal scan result, there was a lower incidence of hard events in those with stress-only imaging in comparison with those who underwent full stress-rest imaging but the results were not significant. In diabetic patients, however, it was necessary to perform significantly more rest studies. Moreover, we observed a significant adverse outcome in those diabetic patients who required an additional rest imaging (usually due to inconclusive stress perfusion images or relative higher left ventricular volumes) in comparison with those with fully normal stress-only imaging.
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